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(54) Abstract Title 

Flat Profile Cutting Structure For Roller Cone Drill Bits 

(57) A roller cone drill bit 54 includes a bit body, at least 
one roller cone 50 and a plurality of cutting elements 62 
disposed on the roller cone 50. The cutting elements 62 
are arranged so that at least naff have crests 61 which lie 
within 10 degrees of perpendicular to the bit's axis of 
rotation 56 when they are in engagement with the hole 
bottom 64. The cutting elements 62 are also disposed so 
as to give a substantially flat hole bottom profile. 
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FIG. 1 
(Prior Art) 
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FIG. 2 
(Prior Art) 
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FIG. 3A 




FIG. 3B 
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FIG. 4B 
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FIG. 5B 
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FLAT PROFILE CUTTING STRUCTURE FOR ROLLER CONE DRILL BITS 
BACKGROUND OF THE INVENTION 

1. Technical Field 

The invention relates generally to roller cone drill bits. Particularly, the invention 
provides new flat profile cutting element geometries for roller cone bits. 

2. Background Art 

Roller cone drill bits are commonly used in the oil and gas industry for drilling 
wells. Figure 1 shows one example of a roller cone drill bit used in a conventional 
drilling system for drilling a well bore in an earth formation. The drilling system 
includes a drilling rig 10 used to turn a drill string 12 which extends downward into a 
wellbore 14. Connected to the end of the drill string 12 is a roller cone-type drill bit 20. 

As shown in Figure 2, roller cone bits 20 typically comprise a bit body 22 having 
an externally threaded connection at one end 24, and a plurality of roller cones 26 
(usually three as shown) attached at the other end of the bit body 22 and able to rotate 
with respect to the bit body 22. Disposed on each of the cones 26 of the bit 20 are a 
plurality of cutting elements 28 typically arranged in rows about the surface of the cones 
26. The cutting elements 28 can be tungsten carbide inserts, polycrystalline diamond 
inserts, boron nitride inserts, or milled steel teeth. If the cutting elements 28 are milled 
steel teeth, the teeth may be coated with a hardfacing material. 

Prior art roller cone bits generally have cutting elements arranged so that they 
contact a formation in an arcuate cross section or "profile." An example of such a prior 
art bit is shown in Figure 3 A. Figure 3 A shows a cross section through roller cones 30 of 
a drill bit 31. The cross sectional view shows a cutting element profile 36 generated 
when cross sections of all the cones 30 of the bit 31 are rotated into the same plane. In 
Figure 3 A, the roller cones 30 are rotatably attached to legs 32 of the drill bit 31. The 
cutting elements 34 are arranged about the surface of the roller cones 30. The cutting 
elements 34 in contact with the bottom of the drilled hole are further illustrated in Figure 
3B. 



1 



Figures 3A and 3B show that prior art bits generally have cutting elements 40-43 
arranged in an arcuate cutting element profile 36 so that the bit 3 1 drills a wellbore with a 
similarly arcuate, rounded bottom hole profile (38 in Figure 3B). The cutting element 
profile 36 is defined as a curve or line that connects crests 33 of the cutting elements 40- 
43 and that defines the relative shape of the bottom of the hole drilled by the cones 30. 
The cutting element profile 36 may be further defined by angular measurements taken at 
points (such as points A, B, and C in Figure 3A) along the profile 36. Points A, B, and C 
are located at midpoints of crests 33, and angular measurements are defined relative to a 
horizontal plane (not shown). In Figure 3 A, point A is located at the midpoint of a gage 
cutting element and point C is located at the midpoint of a centerline cutting element 
The angular measurements with respect to the horizontal plane at points A, B, and C are 
17.5 degrees, 0 degrees, and 14.0 degrees, respectively. 

Figure 3B shows a planar cross sectional view similar to Figure 3A. Figure 3B 
also shows that the cutting elements of prior art bits typically have crests 44 and 45 that 
are disposed at various angles with respect to a bit axis of rotation 46 when the cutting 
elements 40-43 are drilling the formation 39. Therefore, when prior art bits contact the 
formation with arcuate profiles and at the angles defined by the crests of the cutting 
elements, the contact between the cutting elements and the formation is generally non- 
uniform. 

BRIEF SUMMARY OF THE INVENTION 

The invention is a drill bit that includes a roller cone and a plurality of cutting 
elements. The roller cone is affixed to a bit body and is arranged circumferentially about 
an axis of rotation of the bit 

One aspect of the invention includes cutting elements that are arranged so that the 
crests of at least half the cutting elements are substantially perpendicular to the bit axis of 
rotation when the cutting elements are in a downwardmost rotary orientation. In one 
embodiment, the crests are within about 10 degrees of perpendicular to the axis of 
rotation. In another embodiment, the crests are within about 5 degrees of perpendicular 
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to the axis. In a particular embodiment, substantially all the crests are within about 10 
degrees of perpendicularity to the bit axis. 

In another aspect of the invention, the roller cone and the cutting elements are 
arranged so that the crests on the cutting elements define a substantially flat profile. 
Substantially flat includes profile angles, with respect to perpendicular to the bit axis, at 
either the gage edge of the bit or at the bit cento-line of 1 1 degrees or less. 

Other aspects and advantages of the invention will be apparent from the following 
description and the appended claims. 

BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 shows a schematic of a drilling system for drilling a formation that 
includes a drill string with a roller cone bit. 

Figure 2 shows a perspective view of a prior art roller cone drill bit. 

Figure 3 A shows a cross sectional view of the cones of a prior art roller cone bit 
in which cross sections of all of the cones are rotated into the same plane. 

Figure 3B shows a cross sectional view of a prior art roller cone bit in contact 
with a formation in which cross sections of all of the cones are rotated into the same 
plane. 

Figure 4A shows a cross sectional view of an embodiment of the invention in 
which cross sections of all of the cones are rotated into the same plane. 

Figure 4B shows a cross sectional view of an embodiment of the invention in 
contact with a formation in which cross sections of all of the cones are rotated into the 
same plane. 

Figure 5A shows a side view of a prior art cutting element drilling a formation. 
Figure 5B shows a side view of a cutting element of an embodiment of the 
invention drilling a formation. 
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DETAILED DESCRIPTION 

Figure 4A shows a cross section through roller cones 50 of a drill bit 54. The 
cross sectional view shows a cutting element profile 53 generated when cross sections of 
all the cones 50 of the bit 54 are rotated into the same plane. Figure 4A shows cones 50 
rotatably attached to legs 52 of a bit body of a drill bit 54. The roller cones 50 are 
attached to legs 52 by means known in the art, and the roller cones 50 are rotatable about 
a roller cone axis of rotation 58. The bit 54 is rotated about a bit axis of rotation 56 to 
drill rock. The roller cones 50 have a plurality of cutting elements 62 disposed about the 
circumference of the cones 50. The cutting elements 62 are generally arranged in rows 
60. The rows 60 are typically oriented to form "rings" at selected positions along the 
cone axis of rotation 58. The cutting elements 62 may be arranged on the roller cones 50 
so that cutting elements 62 on adjacent rows 60 are aligned, staggered, or otherwise 
positioned, and still perform the essential function of the invention. The cutting elements 
62 can be tungsten carbide inserts, polycrystalline diamond inserts, boron nitride inserts, 
or milled steel teeth. If the cutting elements 62 are milled steel teeth, the teeth may be 
coated with a hardfacing material. If the cutting elements 62 are tungsten carbide inserts, 
they may be coated with a superhard material. 

The cutting elements 62 have crests 61. The crests 61 are oriented so that an 
angle A2 defined between a line parallel to the crest 61, and the bit axis of rotation 56 is 
approximately 90 degrees. The near perpendicular relationship, between the crests 61 and 
the bit axis 56 brings substantially all of the crest of each of the cutting elements 62 that 
are in their downwardmost rotary orientations into contact with the formation (not 
shown) when drilling a wellbore. A cutting element 62 is at its downwardmost rotary 
orientation when the roller cone 50 is oriented, relative to the roller cone axis 58, so that 
the cutting element 62 is proximate the bottom of the wellbore. In this aspect of the 
invention, at least half of the cutting elements 62 have crests 61 that are substantially 
perpendicular to the bit axis of rotation 56. In a particular embodiment of this aspect of 
the invention, substantially all of the cutting elements 62 have crests 61 that are 
substantially perpendicular to the bit axis of rotation 56. 
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The embodiment shown in Figure 4A includes the crests 61 oriented exactly 
perpendicular, that is, zero degrees out of perpendicularity with respect to the axis 56. 
This aspect of the invention, however, will provide substantially improved performance 
as compared to prior art bits where the crests 61 are oriented within about 10 degrees or 
less of perpendicular to the axis 56. Having the crests 61 out of perpendicularity by 
within about 10 degrees is therefore within the scope of this invention. More preferably, 
the crests 61 arc oriented within about 5 degrees or less of perpendicular to the axis 56. 
Most preferably, the crests 61 are oriented as shown in Figure 4A being substantially 
perpendicular to the axis 56. 

The cutting element 62 arrangement shown in Figures 4A and 4B is advantageous 
as compared to a cutting element arrangement such as that shown in prior art Figures 3A 
and 3B. For example, Figure 3B shows that once cutting element 42 indents and scrapes 
the formation, the angular orientation of cutting elements 40, 41, and 43 does not place 
them in a location proximate the bottom of the wellbore, and the cutting elements 40, 41, 
and 43 may not efficiently drill the formation. This type of cutting action produces a 
rounded bottom hole profile 38 and may subject the axially lowest row (eg;, the row 
containing cutting element 42) to the most wear. Uneven wear on the cutting elements 
may lead to reduced bit life and a less than optimal rate of penetration CHOP"). 

Figures 5 A and 5B show one possible advantage of having crests (88 in Figure 
5B) that are substantially perpendicular to a bit axis of rotation (56 in Figure 4A). Figure 
5A shows a cutting element 70 of a prior art bit (such as bit 31 in Figure 3A) that has a 
crest 78. An angle formed between a line 73 parallel to the crest 78 and a line 75 parallel 
to a bit axis of rotation would be substantially less than 90 degrees, as shown by angle 
A3. The result is that a projected area 76 of cutting and scraping of the cutting element 
70 is reduced. The projected area 76 may be defined as the portion of the cutting element 
70 that is below a line 74 drawn substantially parallel to the bottom hole profile at a 
location proximate the cutting element 70. Another definition is that the projected area 
76 is defined by the depth of penetration of the cutting element 70 into the formation 72. 
When the cutting element 70 of Figure 5A contacts the formation 72, the cutting action of 
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the cutting element 70 is not optimized and wear will be concentrated on the edge of the 
cutting element 70 that first contacts the formation 72. 

Figure 5B shows a cutting element 80 that has a crest 88 that is substantially 
perpendicular to a line 90 drawn parallel to a bit axis of rotation and substantially parallel 
to a line 84 drawn parallel to the bottom hole profile, as is shown by angle A4. The 
perpendicular crest 88 optimizes a projected area 86 of cutting and scraping of the cutting 
element 80 and, therefore, optimizes the cutting and scraping action of a drill bit. The 
distribution of force over the larger scraping area 86 enables the cutting element 80 to 
produce larger craters in the formation 82 and to more efficiently drill the hole. 

In another aspect of the invention, and referring again to Figures 4 A and 4B, the 
crests 61 of the cutting elements 62 define a cutting element profile 53 that is 
substantially flat The cutting element profile 53, as previously described, is defined as a 
curve or line that connects corresponding points on the crests 61 of the cutting elements 
62 and that defines the relative shape of the bottom of the hole drilled by the cones 50. 
Only cutting elements 62 or crests 61 that cut the bottom of the wellbore are included 
when defining the cutting element profile 53. Cutting elements 62 or crests 61 that only 
scrape the walls of a drilled hole are not included in the profile 53. The cutting element 
profile 53 may be further defined by angular measurements taken at points (such as 
points D, E, and F) along the profile 53. Points D, E, and F are located at midpoints of 
crests 61, and angular measurements are defined relative to a horizontal plane (not 
shown). In Figure 4A, point D is located at the midpoint of a gage cutting element and 
point F is located at the midpoint of a centerline cutting element. In an embodiment of 
the invention, the angular measurements with respect to the horizontal plane at points D, 
E, and F are 11.0 degrees, 13 degrees, and 10.0 degrees, respectively. In another 
embodiment of the invention, the angular measurements at points D, E, and F are 5.0 
degrees, 0.0 degrees, and 5.0 degrees, respectively. Any smaller angles at points D, E, 
and F, down to and including zero, are acceptable and are within the scope of the 
invention. The angles at points D and F need not be the same, but need only in one 
embodiment be less than about 10 degrees, and more preferably less than about 5 
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degrees. Moreover, points D, B, and F may be located at equivalent positions on the 
respective cutting elements and still define the cutting element profile 53 within the scope 
of the invention. 

The substantially flat cutting element profile 53 of the invention enables the bit 54 
to drill a hole with a substantially flat bottom. The substantially flat cutting element 
profile 53 ensures that the cutting elements 62, when located at their downwardmost 
rotary orientation, have crests 61 that are in substantially uniform contact with the 
formation. Figure 4B provides another illustration of the optimized contact between the 
cutting elements 62 and the formation 64. When contacting the formation 64, the cutting 
elements 62 act substantially in unison to indent and shear the formation 64 and optimize 
the performance of the roller cones 50 and the bit (54 in Figure 4A). 

The previously mentioned advantages produce a bit that exhibits relatively even 
wear characteristics. By having cutting elements in contact with the formation when they 
are at their downwardmost rotary orientations, the invention ensures that the crests of the 
cutting elements contact the formation in a substantially uniform manner. The relatively 
even wear may prolong the life of the bit and help to more efficiently drill the formation. 

Those skilled in the art will appreciate that other embodiments of the invention 
can be devised which do not depart from the spirit of the invention as disclosed herein. 
Accordingly, the scope of the invention should be limited only by the attached claims. 



7 




CLAIMS 

1. A drill bit comprising: 
a bit body; 

a roller cone affixed to the bit body and arranged circumferentially about an axis 
of rotation of the bit; and 

a plurality of cutting elements disposed on the roller cone, wherein the cutting 
elements are arranged so that at least half of the cutting elements have crests that are 
within about 1 0 degrees of perpendicular to the axis of rotation when each crest of the at 
least half of the cutting elements is in a downwardmost rotary orientation. 

2. The bit of claim 1 , wherein substantially all of the cutting elements have crests 
that are perpendicular within about 1 0 degrees to the axis of rotation when each of the 
crests is in a downwardmost rotary orientation. 

3. The bit of claim 1 , wherein the cutting elements comprise milled steel teeth. 

4. The bit of claim 3, wherein the teeth are coated with a hardfacing material. 

5. The bit of claim 1, wherein the cutting elements comprise polycrystalline r*t 
diamond inserts. 

6. The bit of claim 1, wherein the cutting elements comprise boron nitride inserts. ? 

7. The bit of claim 1, wherein the cutting elements comprise tungsten carbide 
inserts. 

8. The bit of claim 7, wherein the tungsten carbide inserts are coated with a 
superhard material. 
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9. The bit of claim 1 , wherein the cutting elements are arranged in rows located 
circumferentially about the roller cone. 

10. The bit of claim 1 , wherein crests on the cutting elements are arranged to define a 
substantially flat profile. 

11.. The bit of claim 1 0, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the gage cutting element is less than 
about 11 degrees. 

12. The bit of claim 10, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the centerline cutting element is less 
than about 10 degrees. 

1 3. The bit of claim 1 0, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the gage cutting element is less than 
about 5 degrees. 

14. The bit of claim 1 0, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the centerline cutting element is less 
than about 5 degrees. 
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15. The bit of claim 10 , wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element, wherein the angle at the centerline cutting 
element and at the gage cutting element is less than about 10 degrees. 

1 6. The bit of claim 10 , wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element, wherein the angle at the centerline cutting 
element and at the gage cutting element is less than about 5 degrees 

17. The bit of claim 1 wherein the at least half of the crests are within about 5 degrees 
of perpendicularity to the bit axis. 

18. The bit of claim 1 wherein the at least half of the crests are substantially 
perpendicular to the bit axis. 

19. The bit of claim 1 wherein substantially all the crests are within about 5 degrees 
of perpendicular to the bit axis. 

20. The bit of claim 1 wherein substantially all the crests are substantially 
perpendicular to the bit axis 

21. A drill bit comprising: 
a bit body; 

a roller cone affixed to the bit body and arranged circumferentially about an axis 
of rotation of the bit; and 

a plurality of cutting elements disposed on the roller cone, 
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wherein the roller cone and the cutting elements are arranged so that crests on the 
cutting elements define a substantially flat profile. 

22. The bit of elaim 21, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane the 
eurve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerhne cutting element, wherein the angle at the gage cutting element is less than 
about 11.0 degrees. 

23. The bit of claim 21, wherein the substantially flat profile is defined by a curve that 
mtersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerhne cutting element, wherein the angle at the centerline cutting element is less 
than about 10 degrees. 

24. The bit of claim 21, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the gage cutting element is less than 
about 5 degrees. 

25. The bit of claim 21, wherein the substantially flat profile is defined by a curve that 
mtersects midpoints of the crests at angles measured relative to a horizontal plane the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerhne cutting element, wherein the angle at the centerline cutting element is less 
than about 5 degrees. 

26. The bit of claim 21 , wherein the substantially flat profile is defined by a curve 
that mtersects midpoints of the crests at angles measured relative to a horizontal plane 
the curve having endpoints located at a midpoint of a gage cutting element and a 
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midpoint of a centerline cutting element, wherein the angle at the centerline cutting 
element and at the gage cutting element is less than about 10 degrees. 

27. The bit of claim 21, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the centerline cutting element and at the 
gage cutting element is less than about 5 degrees. 

28. The bit of claim 21, wherein the cutting elements are arranged in rows located 
circumferentially about the roller cone. 

29. The bit of claim 21, wherein the cutting elements comprise milled steel teeth. 

30. The bit of claim 29, wherein the teeth are coated with a hardfacing material. 

3 1 . The bit of claim 2 1 , wherein the cutting elements comprise polycrystalline 
diamond inserts. 

32. The bit of claim 21 , wherein the cutting elements comprise boron nitride inserts. 

33. The bit of claim 21, wherein the cutting elements comprise tungsten carbide 
inserts. 

34. The bit of claim 33, wherein the tungsten carbide inserts are coated with a 
superhard material. 
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35. The bit of claim 21, wherein at least half of the cutting elements have crests that 
are within about 1 0 degrees of perpendicularity to the axis of rotation when each crest of 
the at least half of the cutting elements is in a downwardmost rotary orientation. 

36. The bit of claim 35 wherein the at least half of the crests are within about 5 
degrees of perpendicularity to the bit axis. 

37. The bit of claim 35 wherein the at least half of the crests are substantially 
perpendicular to the bit axis 

38. The bit of claim 21 , wherein substantially all of the cutting elements have crests 
that are within about 10 degrees of perpendicularity to the axis of rotation when each of 
the crests is in a downwardmost rotary orientation. 

39. The bit of claim 38 wherein substantially all the crests are within about 5 degrees 
of perpendicularity to the bit axis. 

40. The bit of claim 38 wherein substantially all the crests are substantially 
perpendicular to the bit axis 

41 . A drill bit comprising: 
a bit body; 

a roller cone affixed to the bit body and arranged circumferentially about an axis 

of rotation of the bit; and 

a plurality of cutting elements disposed on the roller cone, 

wherein the cutting elements are arranged so that at least half of the cutting 

elements have crests that are within about 10 degrees of perpendicularity to the axis of 

rotation when each crest of the at least half of the cutting elements is in a downwardmost 

rotary orientation, and 
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wherein the roller cone and the cutting elements are arranged so that the crests on 
the cutting elements define a substantially flat profile. 

42. The bit of claim 41 , wherein substantially all of the cutting elements have crests 
that are within about 10 degrees of perpendicularity to the axis of rotation when each of 
the crests is in a downwardmost rotary orientation. 

43. The bit of claim 4 1 , wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the gage cutting element is less than 
about 1 1.0 degrees. 

44. The bit of claim 41, wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the centerline cutting element is less 
than about 10 degrees. 

45. The bit of claim 41 , wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
a centerline cutting element, wherein the angle at the gage cutting element is less than 
about 5 degrees. 

46. The bit of claim 41 , wherein the substantially flat profile is defined by a curve that 
intersects midpoints of the crests at angles measured relative to a horizontal plane, the 
curve having endpoints located at a midpoint of a gage cutting element and a midpoint of 
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a centerline cutting element, wherein the angle at the centerline cutting element is less 
than about 5 degrees. 



47. The bit of claim 41 , wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element, wherein the angle at the centerline cutting 
element and at the gage cutting element is less than about 10 degrees. 

48. The bit of claim 41 , wherein the substantially flat profile is defined by a curve 
that intersects midpoints of the crests at angles measured relative to a horizontal plane, 
the curve having endpoints located at a midpoint of a gage cutting element and a 
midpoint of a centerline cutting element, wherein the angle at the centerline cutting 
element and at the gage cutting element is less than about 5 degrees. 

49. The bit of claim 41, wherein the cutting elements are arranged in rows located 
circumferentially about the roller cone. 

50. The bit of claim 41, wherein the cutting elements comprise milled steel teeth. 

51. The bit of claim 41, wherein the teeth are coated with a hardfacing material. 

52. The bit of claim 41, wherein the cutting elements comprise polycrystallme 
diamond inserts. 



53 . The bit of claim 41, wherein the cutting elements comprise boron nitride 



inserts. 



54. The bit of claim 4 1 , wherein the cutting elements comprise tungsten carbide 
inserts. 
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55. The bit of claim 41, wherein the tungsten carbide inserts are coated with a 
superhard material. 

56. The bit of claim 41 wherein the at least half of the crests are within about 5 
degrees of perpendicularity to the bit axis. 

57. The bit of claim 41 wherein the at least half of the crests are substantially 
perpendicular to the bit axis. 

58. The bit of claim 41 wherein substantially all the crests are within about 5 degrees 
of perpendicularity to the bit axis. 

59. The bit of claim 41 wherein substantially all the crests are substantially 
perpendicular to the bit axis 
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